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VOLUME VI

PHASE V ROTOR DESIGN

Foreword
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of transonic blade rows to several design variables.
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SECTION XIX

DESIGN OF PHASE V ROTOR

1. INTRODUCTION

The best efficiency at the design speed for transonic rotors normally cccurs

near the "knee" of the pressure ratio - flow characteristics where the flow be-

gins to decrease. [For the baseline rotor, the best design speed efficiency

. occurred at a pressure ratio that is about 8% higher than the test data point

selected as the base for the designs carried out under this contract. The peak

efficiency at the design speed was about 2 points higher than that measured at

the base point.] The baseline point was selected for this work because it pro-

* vides reasonable, stall margin. If it is thougLt of as an "operating line" point,

then there is reason to think that an improvement in efficiency might be achieved

at this "operating line" point by adjusting the effective camber so that the

"knee" of the characteristics more nearly coincides with the operating line

*point. The term "effective camber, is loosely used to indicate the circulation

capacity of the cascade, since the normal camber definition is not sufficient

*for cascades with nonstandard mean lines which may depart significantly from a

circle arc.

The reduction in effective camber will not necessarily reduce the stall

line at the design speed but may have a detrimental effect on the efficiency at

reduced RPM operation. Currently there is inadequate definitive data to allow

an assessment of th trade in a potentially higher design speed operating line

efficiency against a potential loss in part speed efficiency.

2. DESIGN PROCEDURE

The "data match" circumferential average flow solution and the stream

Surface Blade Sections (SBS) analysis of the baseline rotor previously described

in Volume I were used as a starting point for the design of the Phase V rotor.

For the Phase V rotor a higher efficiency was assumed for the outer 60% of the

flow since it is believed that the Phase V blade will have increased efficiency

in this region at the design pressure ratio. The rotor exit total pressure was

maintained the same as the baseline rotor while the total temperature was reduced

to reflect the assumed higher efficiency.



Since it was desired to keep the front portion of the airfoil essentially

identical to the baseline rotor, the cordwise distribution of total pressure

was kept identical to that of the data match of the baseline rotor. The work

input (total temperature rise) was maintained the same as the data match of the

baseline rotor in the front half of the rotor then departed smoothly from the

baseline case so that the rotor exit total temperature was consistent with the

assumed increased efficiency in the outer portion of the annulus.

The resulting streamline work input (as a fraction of the total streamline

work) is plotted versus percent axial projection in Figure 68. The tip stream-

line is the one on the left. Each subsequent streamline is indexed to the right

by the value of its stream function (fraction of the total flow from the tip).

The dashed lines are lines of constant percent axial projection.

The resulting streamline static pressure distribution for the Phase I blade

is compared with the data match of the baseline rotor on Figure 69.

To reduce the effective camber of the rotor, the departure angle distribution

in the rear half of the airfoil was modified to concentrate the camber more

heavily toward the trailing edge. This results in a larger stagger angle than

the baseline rotor. A comparison of the Phase V tip airfoil with the baseline

rotor is shown on Figure 70. The trailing edge angle was specified in the same

manner as was used for all rotors designed under this contract. A modified version

* of Carter's Rule was used Lo calculate a reference deviation angle for the base-

line rotor. This procedure converts the vect3r diagrams (from the data match

calculations) to an equivalent two-dimensional set of vectors which would produce

the same circulation as the actual blade taking into account the change in stream-

* line radius and meriodional velocity, The difference between the deviation angle

implied by the data match calculations and the reference deviation angle was then

added to the reference deviation angle calculated from the modified Carter's Rule

for the Phase V blade.

A method of characteristics computer program was used to analyze the flow

in the cascade flow induction region for streamlines 3 and 6 to assure that the

rotor would achieve the design flow. For other streamlines the difference be-

tween the suction surface angle and the "free-flow" streamline angle was compared

with similar data from the data match calculations of the baseline rotor. This,

2
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PHASE V7

--- DATA MATCH /

CD/
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Figure 69. Phase V Rotor Static Pressure Distribution
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Figure 70 Phase V Rotor Streamsurface Tip Section

Compared with Baseline Design
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then, was used as a guide in setting the suction surface angle in the flow in-

duction region. This procedure was largely a formality for the Phase V rotor

since the front. portion of the airfoil was kept essentially the same as the

baseline rotor. However, somewhat different radial blade forces resulting from

somewhat different lean angles of the stacked blade made small difference in the

radial distribution of streamtube convergence. This required small adjustments

in blade shape to achieve the same flow induction capacity.

The radial variation of blade incidence angle was kept essentially the same

as the data match of the baseline rotor and is shown in Figure 71.

The radial variation of the Phase V rotor deviation angle is shown in

Figure 72 and the rotor deviation angle minus the reference deviation angle is

compared with the data match of the baseline rotor in Figure 73.

The radial distribution of the calculated stator incidence angle is compared

with the data match of the baseline rotor in Figure 74. The smaller calculated

incidence angle in the outer portion for the Phase V rotor results primarily

from the assumed higher efficiency in this region.

A plot of the departure angles (the difference between the local flow angle

and blade meanline angle) for each streamsurface section is shown in Figure 75.

The throat margin was kept essentially identical to the data match of the

baseline rotor and is shown in Figure 76. The throat margin for a streamsurface

blade section is defined here as the percent of excess throat area over and above

the minimum theoretical area required to pass the streamtube flow at a throat

Mach number of 1.0 and assuming a total pressure loss equivalent to a normal

shock at the upstream Mach number. In a rotor the effect of radius change (be-

tween the leading edge and throat) on the relative total enthalpy and pressure

is included. As can be seen in Figure 76 the Phase I rotbr throat margin is

nearly identical to that of the data match of the baseline design.

Details of the Phase I rotor design are given in Section XXI.

6
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SECTION XX

DETAILS OF PHASE V ROTOR DESIGN

1. CIRCUMFERENTIAL AVERAGE FLOW SOLUTION

The following tabulation presents the detail results of the Phase I Rotor

circumferential average flow computation. Each page of the tabulation gives

* "results for one calculation station. Figure 77 shows the calculation station

locations within the gas flowpath. At each calculation station various aero-

dynamic parameters are given on each of thirteen calculation streamlines. Also

g:iven are several mass averaged station flow properties. The Phase V rotor

blade forces are included at the end of this section.
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2. STREAMSURFACE BLADE COORDTINATES

Figure 78 shows the stacked Phase V rotor streamsurface sections. Each

page of the following tabulation gives the coordinates for one of these sections.

NI The streamline designation for these sections corresponds to the calculation

streamlines of the circumferential average flow calculation. Streamline 1 is

* at the casing and streamline 13 is at the hub. Also given in the tabulations

are coordinates for the section meanline, the meanline angle, and the section

thickness at each point. Streamsurface section chord, camber angle, and stagger

angle are also given. All dimensions in this tabulation are in inches or degrees.
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Figure 78 Stacked Phase V Rotor Streausurface Sections
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ROTATION

*11

Figure 79 Stacked Phase V Rotor Plane Sections
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3. PLANE SECTION BLADE COORDINATES

Figure 79 shows the stacked Phase V rotor plane sections. The following

tabulation gives the coordinates for these sections. These sections are spaced

one half inch apart, beginning at the tip height of 8.5 inches and progressing

inward to 2.5 inches. These are the same section locations as given for the

baseline rotor in Reference 1. Also included in the tabulation are coordinates

for the section meanline, the meanline angle, and the section percent thickness

at each point. Plane section chord, camber angle, and stagger angle are also

given. These coordinates are intended to represent the blade under hot running

conditions and do not include any corrections for blade untwist, meanline deforma-

tion, centrifugal growth or thermal growth.
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SECTION XXI

CONCLUSIONS

The aerodynamic design of a series of five transonic compressor rotors was

carried out under this contract. Each of the five designs is parametrically

related to the baseline rotor documented in Technical Peport AFAPL-TR-79-2078.

These rotors provide a matrix of aerodynamic designs that will help define

the sensitivity of transonic blade rows to several design variables when tested

in the future.
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